Epidemiologia da fluorose e cáries dentárias de acordo com diferentes tipos de abastecimento de água 
Introduction
Discovery of the anticariogenic properties of fluoride was one of the most important landmarks in the history of Dentistry. During the 1940s and 1950s, the main sources of fluoride were the water supply and food. Since then, other sources have become available, including manufactured beverages and products; fluoridated dental products and medicines such as toothpastes, mouthrinses, gels and solutions for professional application, dietary fluoride supplements, fluoridation of the public drinkable water supplies, and fluoridation of table salt 1,2 . Initially, it was believed that the preventive effect of fluoride was related to its incorporation in the dental structure, changing the chemical composition of enamel to increase its resistance to dental caries. After the 1970s, deeper laboratory investigations indicated that fluoride presents a local cariostatic effect, interfering with the dynamic processes (de-and remineralization) occurring during the development and progression of the carious lesion. Its presence in low concentrations in the oral cavity is essential for achievement of maximum effect; some authors believe that the widespread utilization of fluoridated toothpastes is one of the important factors for reduction in caries prevalence 3 . Besides utilization of fluoridated toothpastes, maintenance of a low fluoride concentration in the oral cavity may be achieved by ingestion of fluoridated water -systemic method -in which the fluoride ingested returns to the oral cavity through the saliva and gingival fluid, enhancing remineralization during the period of pH reduction in the mouth 4 . In order to provide this benefit to the population of Bauru, São Paulo State, Brazil, fluoridation of the public water supply was initiated in 1975, when sodium fluorosilicate salt was used. Up to August 1981, some interruptions occurred for technical reasons. In 1997, Nagem Filho et al. 5 showed that the city of Bauru had 88% of its water fluoridated by the Water and Sewerage Department; 59% was conducted at the Water Treatment Station (WTS) and 29% at artesian wells (DFW).
The prolonged use of excessive doses of fluoride during the period of tooth formation causes fluorosis (chronic intoxication by fluoride), showing a linear relation with the prevalence and severity of enamel alterations in the permanent teeth even at very low doses (mgF/kg). In dental fluorosis, the affected enamel appears opaque due to the increase in surface porosity and especially in subsurface porosity. The mechanism through which it occurs during amelogenesis has not been elucidated so far, and the susceptibility of teeth should be considered. It is clinically characterized by changes ranging from white opaque lines crossing the dental surface to loss of external enamel, leading to an altered anatomical shape of the tooth surface. Due to the wide clinical spectrum, some criteria were proposed by authors as Dean and Thylstrup and Fejerskov, known as the Dean index and TF index, respectively, which classify it according to increasing degrees of severity 6, 7 . Banting analyzed the amount of fluoride ingested by children who brushed their teeth with fluoridated toothpastes; the results led the author to recommend the rational use of fluoride, considering the risk of exposure to fluoride from different sources 2, 8 . Epidemiological investigations in 12-year-old students conducted in different populations demonstrated prevalences of dental fluorosis ranging from 23 to 52.9%, with a very low percentage of moderate/severe grades, in which at most 4% of cases had esthetic involvement related to the presence of fluorosis 9 . This study aimed at verifying the prevalence and associations between fluorosis and dental caries in schoolchildren attending public state schools in Bauru, Brazil, according to the gender and race/color, with regard to the different fluoridation systems of the public water supply practiced by the Water and Sewerage Department of Bauru.
Methods
Based on a homogeneous population of 4,570 12-year-old daytime students attending state public schools in Bauru, State of São Paulo, the sample size 10 was weighed with 10% of estimate error and 95% confidence level, whose procedure for calculation yielded 354 sample units (students). The inclusion criteria comprised students living at the same geographical area as the school since birth (students with characteristics of homogeneous population).
Considering the interest to compare three sources of water supply (Water Treatment Station, with regular fluoridation -WTS; Direct Fluoridated in Well, with irregular addition of fluoride -DFW; Non-Fluoridated Areas, well without fluoridation -NFA), the sample size was divided into equal parts, adding up to 118 students per source.
Four schools of each source were randomly drafted and the sample units were equally designed for these schools. Thus, each school would have 30 students (29.5 rounded to 30), sampled by a systematic process, considering the registry number.
The participants presented an informed consent term signed by their parents or caretakers. This study was approved by the Institutional Review Board of University of Sagrado Coração according to Resolution 196/96 of the National Health Council 11 . The students underwent a clinical examination performed at the school yard under natural light by a single examiner (previously calibrated) helped by a recorder, both of whom were blinded to the type of water supply of that school. Dental mirrors and tongue depressors were used and all biosecurity measures were followed. The epidemiological survey was conducted in a single stage. Examinations for calculation of intra-examiner agreement were performed at onset, middle and completion of the survey on nearly 13% of the sample. Selection of the group for re-evaluation was performed by the recorder; 50 repetitions were performed for the 360 examinations. Application of the kappa test revealed the following values: K = 0.90 for the onset, K = 0.92 for the middle and completion of examinations 12 . Fluorosis was characterized according to the criteria of the TF index 6 . Parallely, the DMFT index was recorded as initially suggested by Klein and Palmer in 1937 and modified on the manual on "DMF Index" prepared by the Dental Health Center in 1965. The DMFT index of an individual is the total number of teeth with caries experience, including decayed teeth (regardless of the extension or severity of the lesion), filled teeth (dental restorations indicate past caries activity) and teeth extracted due to dental caries 13, 14 . Recording of race/color was performed according to the classification of the Brazilian Institute of Geography and Statistics (IBGE), namely White, Black, Admixture, Yellow and Native
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. The association between fluorosis and dental caries and the source of water supply was investigated by the non-parametric chi-square (χ²) 16 and Goodman 17 .
Results Table 1 demonstrates the frequency of fluorosis and dental caries in schoolchildren according to race/color and gender. From the 360 children examined, 142 presented fluorosis, which corresponds to 39.45% of the sample. The presence of dental caries in the schoolchildren was approximately six times greater than its absence. The result of the statistical test related to Table 2 (P<0.001) revealed that the distribution of students according to fluorosis and dental caries was preferential in the group with absence of fluorosis and presence of caries (185 students).
Gender was not associated with fluorosis and dental caries, since in both genders there was predominance of absence of fluorosis and presence of caries. Also, there was no association between the race/color variable and fluorosis and dental caries; however, there was predominance of absence of fluorosis only among white individuals and a significant presence of caries in all races. Because of the small number of individuals of the yellow race/color (3 schoolchildren), this race was combined to the admixture group. Associa- 
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Caries tion between the source of public water supply and fluorosis was not statistically significant. However, when each source was independently considered, the absence of fluorosis was predominant for the DFW and NFA sources (Goodman Test) . The DMFT index and source of water supply revealed a lower DMFT for the WTS group (2.94 ± 2.29) followed by the DFW (3.82 ± 3.01) and NFA (4.02 ± 2.61) groups, with coefficient of variation (ratio between standard deviation and mean) of 77.89%; 78.79%; and 64.92%, respectively. With regard to dental caries, there was predominance of positivity in each source, and presence of caries was more frequent for NFA compared to WTS and DFW (Table 3) . Distribution of the frequency of degree of fluorosis in relation to the sources of water supply (WTS, DFW and NFA) is illustrated in Figure 1 ; no statistically significant differences were observed between the different degrees of fluorosis for the three sources. In all sources, the results indicated a significant decreasing frequency (P<0.05) from the lowest to the highest degree of fluorosis.
Discussion
Fluoridation of the public water supply is a health promotion measure recommended by the World Health Organization for preservation of dental integrity of the population. In Brazil, the Law n. 6050 of May 24 th 1974 makes this procedure obligatory in water treatment services; when regularly Concomitantly to the reduction in caries prevalence, there has been an increase in dental fluorosis, even in non-fluoridated areas. Murray and Buzalaf et al. identified some risk factors to fluorosis, as excessive use of supplements, utilization of manufactured baby foods, gels and mouthwashes, excessive use of toothpastes 1,2 . All these products contain fluoride in their composition. Pendrys estimated a three-fold increase in the risk to fluorosis among 12-to 16-year-old children in fluoridated areas, especially due to the utilization of fluoridated toothpastes (75%) and fluoride supplements (25%) 19 . Thus, the issue of "fluorosis" led to the development of several studies, and the ideal fluoride dosage currently recommended is related to the child's weight instead of the age 20 . Adequate and safe fluoride dosages have been discussed, and authors as Banting have advised that this dosage is easily 2 to 3.5 times higher than recommended in areas supplied with optimally fluoridated water combined to other sources like toothpastes, mouthrinses, beverages and food 8 . Moreover, special attention should be given to children under 5 years of age who ingest an average of 0.5g of toothpaste during toothbrushing, suppressing the fluoride tolerance threshold 21 . The presence of fluorosis in children of the NFA group (Table 3) agrees with these studies, since the appearance of fluorotic teeth in this group was probably due to means other than the public water supply, which was not fluoridated. This proves that the presence of fluorosis did not depend on the type of water supply.
There is evidence about the increase in dental fluorosis due to the increase in fluoride ingestion, especially through fluoridated toothpastes. The United States Public Health Service estimates this to be 5% for fluoridated areas and 9% in the non-fluoridated 22 . The longitudinal study of children from birth to nine months old conducted by Levy et al. showed that ingestion of fluoride through water, supplements and toothpaste greatly contributed to the proportion of fluoride ingested beyond the "optimum" recommended level 23 . However, there is the need to assess the condition of the child in order to prescribe these supplements, considering the risk to dental caries; knowledge of parents and the child's behavior toward prevention; the child's physical and mental development; intake of medicines; and exposure to fluoride.
Furthermore, due to the difficulty to quantify the fluoride ingestion in food and beverages, it is important to limit its consumption from other sources; utilization of fluoridated toothpaste by preschool children should be supervised by their parents, monitoring the amount used and rinsing after brushing; the fluoride concentration in these products should be reduced.
The study conducted by Lima and Cury, in 2000 , corroborated these results and showed that the relative contribution from diet in children aged five years old was 46% compared to 54% from toothpastes for the total dose of ingested fluoride; the study used fluoridated water (0.62 ppm) combined with food (prepared with the same water) and fluoridated toothpaste (1,100 ppm). Considering that 0.07mg/F per Kg is the limit dose for clinically acceptable fluorosis, children might be subjected to a risk dose by fluoride ingestion through diet and through toothpaste 24 . In summary, it is very important to assess the benefits of fluoride as a method for caries prevention; however, the risk to fluorosis should also be considered, since its availability from several sources might easily lead to doses above the recommended levels, contributing to an increase in the prevalence of fluorosis.
Besides presence, another important factor that should be investigated is the severity of the disease, represented by distribution of the degrees of fluorosis (Figure 1) , which in the present study was similar for the three sources investigated with predominance of milder degrees; this confirms the results of previous studies, as those presented by Moysés and Moysés 9 . The clinical characterization of fluorosis is well established
6 , yet the mechanism underlying its occurrence has not been totally explained; not only the amount of ingested fluoride should be considered, but also the susceptibility of teeth 7 . The possibility of influence from the variables race/color and gender on the development of fluorosis was analyzed and no relationship was found with the occurrence of either fluorosis (Table 1) or dental caries (Tables 3). Although fluoridation of the public water supply may reduce the caries prevalence in up to 60% 1, 3, 4 , this method presented to be insufficient to prevent the appearance of the disease, since 85% of children had at least one carious lesion ( Table 2) .
Analysis of the caries prevalence in the study population revealed that the DMFT values favored the WTS group, with DMFT = 2.94 ± 2.29, closely followed by the other groups, namely DFW = 3.82 ± 3.01 and NFA = 4.02 ± 2.61 (Table  3 ). The former was the only group (WTS) within the values recommended by the WHO for the year 2000
25 . This could be associated with the effective control of fluoridation in this source, as confirmed by the analyses of Nagem et al. 5 and Tavares and Bastos 26 , which found optimum levels of fluoride in Bauru for the water from this station (from 0.6 to 0.8 ppm), which assured the protective properties of fluoride, since the fluoridation in the DFW source is irregular. This may be demonstrated by the coefficient of variation of DMFT, which was more homogeneous for the NFA group, with lower ratio between coefficient of variation and DMFT (64.92%), followed by WTF (77.89%) and DFW (78.79%), as confirmed by analysis of the presence of caries between sources, which revealed a statistically significant difference between WTF and NFA (Table 3) .
However, epidemiological surveys conducted in Bauru showed that the DMFT was reduced since 1975 despite the discontinued fluoridation of public water supply, with values of 3.97 27 , 4.87 28 and 3.57 for this study sample (Table 3) at 12 years old; this is probably due to the association of alternative methods combined to fluoridation of the public water supply, such as utilization of fluoridated toothpastes 29 .
Conclusions
The number of schoolchildren presenting caries was always higher when compared to those without the disease, regardless of the gender, race and source of water supply. The DMFT index for the 360 schoolchildren examined was higher for the female gender, admixture group and NFA.
The finding of cases of fluorosis among schoolchildren from the NFA group confirms the existence of fluoride sources other than water for this population, since this water was not fluoridated.
The absence of fluorosis was predominant in groups receiving fluoridated water from the DFW and NFA.
Only the schoolchildren in the WTS group presented a DMFT index below 3, probably because of the better water fluoridation, demonstrating the efficacy of this method; thus, this preventive measure should be recommended for our population.
For all three areas, namely WTS, DFW and NFA, there was predominance of the mildest degrees of fluorosis (TF grades 1, 2 and 3), which did not bring about severe esthetic involvement.
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